Rheumatoid arthritis (RA) is an autoimmune inflammatory disease that leads to cartilage damage, joint destruction and bone erosions. Serological analysis is one of the most important tools for diagnosis of RA. The aims of studies were the synthesis of an amino-acid library of epitope CHHLDKSIKEDVQFADSRI corresponding to the flap region of H. pylori urease and investigation recognition by serum antibodies from one rheumatoid arthritis patient (RAP) and one volunteer blood donor (VBD) tested by two semi-quantitative methods. In this study we compared two immunoblot variants for estimation of antibodies recognizing five synthetic peptides corresponding to the urease flap region sequence from different organisms. One immunoblot variant was a classic dot-blot using HRP-conjugated anti-human antibodies, where the level of bound immunoglobulins was estimated by digitization of color formed by reaction with secondary antibody. The second immunoblot variant was based on fluorescein-conjugated anti human antibodies. Both semi-quantitative methods were effective for evaluation of antibodies, and their advantages and disadvantages are discussed. To identify the amino-acid residues critical for reaction with antibodies, an amino-acid scan of the complete sequence of the flap region from Helicobacter pylori urease (epitope BK-61B) was conducted. Each sub-library (1-19) contained 19 peptides, each with different amino acids (a-w) at defined positions. All components of the library were synthesized using a divergent strategy. Patterns of serological reaction with the peptide library were unique for each serum sample from an RA patient or control blood donor. The amino-acid residues in epitope BK-61B necessary for strong reaction with antibodies and preventing reaction with antibodies were identified.
Introduction
Rheumatoid arthritis (RA) is an autoimmune inflammatory disease. Without treatment, inflammation leads to cartilage damage, joint destruction and bone erosions. RA causes permanent disability (Agarwal 2011 ). There are suggestions that infectious agents such as viruses (Epstein-Barr virus, parvovirus) and bacteria (Proteus, Mycoplasma) may be connected with the development of RA (Silman and Pearson 2002) . All of these agents are able to activate the RA patient's immune system. Especially strong stimulation of antibody synthesis was observed in the case of Proteus sp. proteins, which have cytotoxic effects on joint tissues (Rashid et al. 2007 ).
Serological analysis is one of the most important tools for diagnosis of RA. The markers of RA are anti-cyclic citrullinated peptide (anti-CCP) and autoantibodies such as rheumatoid factor (RF) (Pincus and Sokka 2009; Corrao et al. 2011; Aletaha et al. 2010) . However, these markers are not detected in about one-third of patients (Somers et al. 2011) . On the other hand, it is known that inflammatory reactions (organ specific and non-specific) contribute to chronic disease (van Eden et al. 2002) . Additionally, the immune systems of individuals suffering from inflammation are unstable. The resulting antibodies are not specific and may recognize antigens with similar sequences as well as the correct antigens (Konieczna et al. 2012 ). Detection of antibodies may be realized using different techniques. Methods based on peroxidase-labeled immunoglobulin are the most commonly used (Moelants et al. 2011; Somers et al. 2011 ). However, techniques that employ antibodies conjugated with fluorescent dyes are also used (Copse and Fowler 2002; Gingrich et al. 2000; Morseman et al. 1999) .
Synthetic peptides are useful tools in immunological studies. Using sets of peptides with truncated amino acid sequences has enabled epitope mapping of several bacterial ureases (Arabski et al. 2010; Kamiński et al. 2006; Reimer et al. 2011 ). Tiwana et al. used synthetic peptides (ESRRAL from Proteus mirabilis hemolysin and EQKRAA, an RA susceptibility motif) for molecular mimicry investigations (Tiwana et al. 1999) . Several synthetic peptides corresponding to flap fragments of ureases from different organisms have been used for determination of the levels and specificities of antibodies in RA patients (Konieczna et al. 2012; Arabski et al. 2010) .
In earlier studies we revealed that Helicobacter pylori Ure A fragments 11-24, 21-33, and 31-42 were able to interact with Jack bean urease antibodies (Kaminski et al. 2018) .
The aims of these studies were:
• synthesis of an amino-acid scan library of epitope CHHLDKSIKEDVQFADSRI corresponding to the flap region of H. pylori urease; • investigation of the effect of replacing every amino acid residue in H. pylori urease flap fragment with all proteinogenic amino acids on recognition by serum antibodies from one rheumatoid arthritis patient (RAP) and one volunteer blood donor (VBD); • comparison of sensitivities and specificities of two methods of semi-quantitative dot-blot.
Materials and Methods

Subjects
Human sera: serum from a rheumatoid arthritis patient (age 41 years, female) and serum from a volunteer blood donor (age 40 years, female) were used. RAP serum was from Edmund Biernacki District Hospital in Mielec, Poland. The normal control VBD serum was from the Swietokrzyskie Blood Center, Kielce, Poland.
In this study, five synthetic oligopeptides corresponding to the flap region of ureases from different organisms (BK-61A: SIKEDVQF and BK-61B: CHHLDKSIKEDVQ-FADSRI-characteristic of H. pylori; BK-65B: MLMVCH-HLDPSIPEDVA-characteristic of Proteus sp.; BK-65C: MVMITHHLNASIPEDIA-characteristic of Staphylococcus sp. and BK-65D: MLMVCHHLNREIPEDIA-similar to Canavalia ensiformis) were used.
Synthesis of Peptides: BK-65B, BK-65C, and BK-65D Immobilized on Cellulose
Immobilization of 2,4-Dichloro-6-methoxy-1,3,5-triazine (DCMT) on Cellulose Whatman 7 filter paper (5 × 10 cm) was treated with 1 M NaOH (25 mL) for 15 min and then the excess liquid was removed. A solution of DCMT (1 g, 5.59 mM) in THF (25 mL) and solid NaHCO 3 (0.5 g, 5.95 mM) were then added and the reagents were shaken for 40 min. The filter paper was washed with 50% aqueous THF (25 mL), water (25 mL), and THF (3 × 25 mL) until color reaction of the filtrate with 4-(4′nitrobenzyl)pyridine (characteristic for DCMT, Preussmann et al. 1969) was not detected in the washing aliquot, and then dried in a desiccator (see scheme at Fig. 1) .
Loading of the cellulose plate with triazine was calculated from elemental analysis data.
According to nitrogen content of 2.60 mmol (N) g −1 , the calculated loading was equivalent to N Lw = 0.87 mmol (triazine) g −1 . The surface loading was calculated according to nitrogen content of 31.9 × 10 −6 mol (N) cm −2 , which was equivalent to N Ls = 10.6 × 10 −6 mol (triazine) cm −2 . According to the chlorine content, the calculated loading was Cl Lw = 0.75 mmol (Cl) g −1 , which was equivalent to Cl Ls = 9.2 × 10 −6 mol (Cl) cm −2 .
Immobilization of Alanine on the Cellulose Plate
The cellulose plate with immobilized DCMT was treated with a 1 M solution of 4-methylmorpholine (NMM, 1.1 mL, 10 mM) in THF (10 mL) and shaken for 30 min. The plate was then washed with THF (3 × 10 mL), treated with a solution of Fmoc-Ala-OH (1.556 g, 5 mM) and NMM (0.55 mL, 5 mM) in dichloromethane (DCM, 20 mL) for 4 h, washed with DCM (5 × 10 mL), and then the excess solvent was removed. The plate was immersed in dry boiling toluene for 6 h and then dried thoroughly in a vacuum desiccator (Kaminski et al. 2018 ). The Fmoc group was removed by treatment with a 25% solution of piperidine in dimethyl formamide (DMF, 20 mL) for 15 min followed by washing with DMF (2 × 10 mL) and DCM (2 × 10 mL). Incorporation of Fmoc-Val-OH: 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium toluene-4-sulfonate (DMT/NMM/TsO −, 0.619 g, 1.5 mmol) and NMM (0.33 mL, 3 mmol) were added to a solution of FmocVal-OH (0.509 g, 1.5 mmol) in DMF (10 mL). The cellulose plate with immobilized alanine on the surface was immersed into freshly prepared coupling mixture in DMF, and shaken for 2 h.
Washing of cellulose membrane: The plate was thoroughly washed by gently shaking for 5 min with the following solvents: DMF (2 × 10 mL) and DCM (2 × 10 mL).
Deprotection of Fmoc-group: The Fmoc group was removed using 25% (v/v) piperidine in DMF (20 mL) for 20 min and then the plate was washed with DMF (2 × 10 mL) and DCM (2 × 10 mL).
All subsequent steps of the synthesis included repeating cycles of incorporation of the next amino acid using Fmoc/ tBu protection, washing of the cellulose membrane, deprotection of the Fmoc group and washing as described above.
Incorporation of Fmoc-Asp(OtBu)-OH was completed according to the procedure described above. , NMM (0.33 mL, 3 mmol). The side chain protecting groups were removed using a 50% (v/v) solution of trifluoroacetic acid (TFA) in DCM (20 mL) containing 2% tri-isopropyl silane (TIS) and 3% water for 4 h. For the final washing of the plates, DCM (3 × 10 mL) and EtOH (3 × 10 mL) were used.
To confirm the structure of the obtained product, cellulose-bound peptide was treated with 1M aqueous LiOH solution for 2 h. The cleaved peptide was thoroughly washed from the surface of the cellulose with water and then the aqueous solution was acidified with 1M HCl solution to pH 4-5.
HR .28) was determined on a high-resolution (HR) MS: IonSpecUltima 4.7-T-FT Ion Cyclotron Resonance (ICR; HR-MALDI, in 2,5-dihydroxybenzoic acid matrix) spectrometer. Analytical RP-HPLC (5-97% B in 30 min): t R 16.29 min, purity 98.5%, was performed on a Merck/Hitachi HPLC system (LaChrome; pump type, L-6200;UV detector, L-4000; interface, D-6000; HPLC manager, D-7000) using a Supelco Discovery BIO Wide Pore® C 18 column (25 cm × 4.6 mm, 5 mm, Sigma). HPLC was performed with a gradient of 0.1% TFA in H 2 O (A) and 0.08% TFA in MeCN (B), at a flow rate of 1 mL min −1 using UV detection at 220 nm.
BK-65C: MVMITHHLNASIPEDIA and BK-65D: MLM-VCHHLNREIPEDIA peptides were prepared according to the typical procedure described above for BK-65B.
Synthesis of 361 Analogues of BK-61B Divided into 19 Sub-libraries, for Amino Acid Scan of Epitope CHHLDKSIKEDVQFADSRI. Typical Procedure
Synthesis of Sub-library 1 Functionalized cellulose plate 1 was treated with a 1 M solution of NMM (1.65 mL, 15 mM) and Fmoc-Ile-OH (1.767 g, 5 mM), and then washed according to the procedure described above. The Fmoc group was removed from the attached isoleucine by treatment with a 25% solution of piperidine in DMF (20 mL) for 15 min followed by washing with DMF (2 × 10 mL) and DCM (2 × 10 mL).
All subsequent steps of the synthesis included consecutively repeated cycles:
(1) condensation: in all steps the coupling reagent DMT/ NMM/TsO − (1.239 g, 3 mmol) was used with an equivalent amount of Fmoc-protected amino acid and NMM (0.66 mL, 6 mmol); (2) washing: the plate was thoroughly washed with DMF (2 × 10 mL) and DCM (2 × 10 mL); (3) deprotection of Fmoc group: the Fmoc group was removed using 25% (v/v) piperidine in DMF (20 mL) for 20 min; (4) washing: the plate was washed with DMF (2 × 10 mL) and DCM (2 × 10 mL).
The following protected amino acids were used: After the final Fmoc deprotection step and washing of the modified cellulose matrix, the plate was divided into 19 parts and each fragment was marked from 1a to 1w.
All natural amino acids were exploited in the last step of the synthesis of sub-library 1. Condensation was performed using DMT/NMM/TsO − (0.138 g, 0.5 mmol), equivalent amounts of Fmoc-protected amino acid, and NMM (0.11 mL, 1 mmol). All of the components 1a-1w of sub-library 1 were combined and thoroughly washed with DMF (2 × 10 mL) and DCM (2 × 10 mL). (5) Deprotection of Fmoc-group: The Fmoc group was removed using 25% (v/v) piperidine in DMF (20 mL) for 20 min and then the plate was washed with DMF (2 × 10 mL) and DCM (2 × 10 mL). (6) Deprotection of side chain protecting groups: The side chain protecting groups were removed using a 50% (v/v) mixture of TFA in DCM (20 mL) with 2% TIS and 3% water for 4 h. DCM (3 × 10 mL) and EtOH (3 × 10 mL) were used for the final washing.
See materials for the syntheses of sub-libraries 2-19. HR-MS analysis of selected oligopeptides from sublibraries 2-19 were conducted on high-resolution (HR) MS using an IonSpecUltima 4.7-T-FT Ion Cyclotron Resonance (ICR; HR-MALDI, in 2.5-dihydroxybenzoic acid matrix) spectrometer.
Serological Assays
Classic dot-blot technique-assay was performed as described previously (Konieczna et al. 2012) .
Fluorescent dot-blot technique-cellulose membrane with immobilized synthetic peptides were cut into small round discs (diameter 5 mm), placed in wells of a 96-well microtiter plate (FluoroNunc™, Nunc) and incubated overnight at room temperature with shaking in blocking buffer (3% BSA (w/v) in Tris-NaCl, pH 7.45). The blocking buffer was discarded and samples were incubated with human serum diluted from 1:1000 to 16,000 in 1% blocking buffer for 3 h (room temperature, with shaking). The serum was then removed and the membrane was washed twice with washing buffer (0.4% Tween 80 (v/v) in Tris-NaCl, pH 7.45) and once with dot-blot buffer (Tris-HCl 0.05 M, NaCl 0.2 M, pH 7.45) each time for 5 min with shaking. Dot-blot buffer was discarded and the cellulose membranes were incubated for 1 h (room temperature, with shaking) with anti-human FITC antibodies (Sigma), diluted 1:1000 in 1% blocking buffer. Membranes were washed tree times with dot-blot buffer and fluorescence was measured (Infinite 200 PRO, Tecan). Controls that were used in both methods-cellulose pure membrane with human (I-st) and labeled rabbit antibodies (II-end), cellulose support with peptides antigens plus I-st antibodies, and cellulose membrane with peptides plus II-end antibodies. For the final tests, cellulose membrane with peptides plus I-st and II-end antibodies were used. In the presented results, non-specific control reaction was subtracted from the digitized scan as well as from the fluorescence measurement.
Results
H. pylori urease epitopes BK-61A (SIKEDVQF) and BK-61B (CHHLDKSIKEDVQFADSRI) immobilized on cellulose were obtained as described previously (Arabski et al. 2010) . For the synthesis of peptides, 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium toluene-4-sulfonate (DMT/NMM/TsO − ) was used as a coupling reagent.
Previous studies revealed a statistically important difference in reactivity of BK-61A-B and BK65B-D epitopes with sera from a representative cohort of VBD and RAP patients (Konieczna et al. 2012) .
Comparison of the BK-61A-B and BK65B-D sequences in flap region epitopes from different ureases (bacterial and plant origin) identified fragments with conservative (bold) and divergent amino acid residues: BK-61A: SIKEDVQF H. pylori; BK-61B: CHHLDKSIKEDVQFADSRI H. pylori; BK-65B: MLMVCHHLDPSIPEDVA Proteus BK-65C: MVMITHHLNASIPEDIA Staphylococcus BK-65D: MLMVCHHLNREIPEDIA C. ensiformis Two variants of the dot-blot method were used to determine levels of anti-urease antibodies. A classic dot-blot (using anti-human antibodies conjugated with horseradish peroxidase) and fluorescent dot-blot (using anti-human antibodies conjugated with fluorescein) methods were employed. The optimal incubation time for human sera and membranes with immobilized peptides was established by comparison of 1, 2, 3 and 4 h incubations (data not shown). For subsequent studies, 3 h incubation of human sera with synthetic antigens was chosen as the most reproducible.
Both variants of the dot-blot technique (classical and fluorescent) were compared using different dilutions of human sera. In each assay, one VBD serum sample and one RAP serum sample were used. Both sera were obtained from 40 year old females. The reactions of antibodies in human serum (RAP and VBD) with all 5 peptides were observed using both methods (Fig. 2. ) Reaction with antibodies was visible on both sides of the cellulose membrane with immobilized peptides, despite the use of dot-blot methods. However, in all cases, the observed reactions were stronger on one side (data not shown) and those reactions were considered significant (Fig. 1) .
Irrespective of dilution, RAP serum showed higher amount of antibody binding to all five oligopeptides compared to VBD when using the classic dot-blot method. In the fluorescent dot-blot, stronger reaction of RAP serum over VBD was observed for reaction with BK-65B, BK-65C and BK-65D peptide in 1:8000 and 1:16 000 serum dilutions (Fig. 2b) .
The analysis of membrane surface scans after assay using the classic dot-blot method revealed heterogeneity of reaction with VBD and RAP sera. (Fig. 3) .
To identify amino-acid residues vital for reaction with antibodies, peptide libraries based on the flap region sequence of H. pylori urease (epitope BK-61B) were synthesized. Each sub-library (1-19) contained 19 peptides (a-w), each containing one residue at a defined position substituted systematically with all proteinogenic amino acids. The systematic substitution of one amino-acid residue in each sub-library (1-19) by the complete set of 19 other aminoacids yielded a library of 361 analogues of epitope BK-61B immobilized on the cellulose support. All components of the library were synthesized using a divergent strategy. The list of substitutions is depicted in Tables 1 and 2 .
To confirm the structures of the synthesized compounds, peptides were cleaved from 18 randomly selected membranes by treatment with 1M LiOH and their structures were analyzed by HR-MS. The analytical results confirmed the structures of all selected peptides (Table 3) . The library of analogues of H. pylori urease epitope CHHLDKSIKEDVQFADSRI with every amino-acid residue systematically replaced by all other proteinogenic amino acids was treated with sera from one VBD and one RA patient. The reactions of the tested sera with the peptide library were assayed using a fluorescent dot-blot method. The reason for using only the fluorescence method was because it enables direct quantification in contrast to the indirect classical dot-blot procedure, which requires interactions with secondary antibodies, coloration, scanning and processing of data using the ImageJ program. The results obtained in the assay of native peptide H. pylori urease (epitope BK-61B) are presented in Fig. 2b. The reaction of 361 H. pylori urease epitope BK-61B analogues with VBD and RA patient sera revealed that RA patient serum reacts with synthetic antigens differently compared with control blood donor serum. RA patient serum was substantially more tolerant towards epitope modification at position 13 than VBD serum. Both sera were insensitive to modification of epitope structure at position 12. Small differences in response were found to be caused by modification at positions 1, 2, 4-9 and 15. The strongest and most diverse reactions resulted from modification of amino acid residues at positions 3 and 16-19 (Fig. 4) .
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An analysis of the variance of antibody reactions with the peptide sub-libraries (one sub-library containing populations of peptides where a defined amino acid in the original flap urease sequence was systematically substituted), confirmed their different affinity towards RAP and VBD sera (Table 4) .
Discussion
Rheumatoid arthritis is an autoimmune disease associated with various autoantigens, but its diagnosis is still problematic (Aletaha et al. 2010; Mackenzie and Dawson 2005; Bas et al. 2002) . In RA patients, instability of the immune system has been observed (Konieczna et al. 2012) . A hallmark of RA is production of a broad spectrum of antibodies, including autoantibodies such as rheumatoid factor (RF), antikeratin antibody (AKA), antiperinuclear factor (APF), and anti-RA33 (Aho et al. 1994) . Serological tests are still a major tool for diagnosis and investigation of the immune response of patients with systemic rheumatic diseases: RA, lupus erythematosus, systemic sclerosis, primary Sjögren's syndrome and inflammatory myopathy (Op De Beeck et al. 2011; Schur 2005) . A number of different methods may be applied for this purpose: techniques based on indirect observation of immune complexes, such as nephelometry (Schur 2005) , immunodiffusion and flow cytometry (Salamunić 2010; Aho et al. 1994) , or techniques that require conjugated secondary anti-human antibodies for detection of human antibodies bound to the antigen, such as ELISA or dot-blot (Konieczna et al. 2012; Schur 2005) .
The mechanism for development of RA is not fully understood, but probably involves infectious agents. Wilson et al. identified sera antibodies against P. mirabilis urease in RA patients. Moreover, those antibodies cross-reacted with human collagen in joint cartilage, which resulted in joint damage (Wilson et al. 1995) . In our previous study, we found a higher level of H. pylori antiurease antibodies in a cohort of 40 RA patients compared to 38 VBD, which also recognized urease flap fragments from P. mirabilis and other organisms such as H. pylori, Staphylococcus sp. and even C. ensiformis (Konieczna et al. 2012) . Herein, we compared the previously applied dot-blot method, based on colorimetric detection of reaction products formed in the presence of antihuman HRPmodified antibodies, with a variant based on detection of fluorescence caused by binding to fluorescein-modified antibodies.
Both methods have advantages and disadvantages, and both are easily performed. In classic dot-blot, however, preparation of the membrane pieces with immobilized synthetic peptides is much simpler. Fluorescent dot-blot is more time-consuming because exactly the same size of each piece of cellulose membrane is essential to obtain reproducible results. Fig. 3 Heterogeneity of reaction (coloration determined using the ImageJ program) of cellulose membrane coated with synthetic peptide (BK 61B) with VBD (a) and RAP (b) sera determined using a classic variant of the semi-quantitative dot-blot method During chemical synthesis, peptides were immobilized on both sides of the cellulose membranes. This was noticeable in the serologic investigations, but reaction was stronger on one side of the membranes. Moreover, heterogeneity of serum reaction on the membrane surface was observed. It is likely that the antibodies have better access to peptides on one side of the membrane during incubation with serum in the microtiter plate. Heterogeneity of reaction may result from diverse binding of secondary anti-human antibodies or local accumulation of precipitated product arising from HRP action.
The studies with synthetic peptides corresponding to the flap fragment of urease from different organisms revealed that fluorescence measurement was significantly less dependent on dilution than the colorimetric method. Moreover, the fluorescence response for H. pylori urease fragment BK65-B was stronger than the colorimetric response, although the strengths of reaction with VBD and RA patient serum were less diverse. Data obtained for peptides corresponding to urease flap fragments from other organisms using the classic dot-blot technique showed higher differentiation of tested sera (RAP versus VBD). Nevertheless, differences were also visible with fluorescence detection, but only at higher sera dilutions. This results in lower use of analyzed sera, which may sometimes be very valuable. On the other hand, the price of secondary anti-human antibodies conjugated with fluorescein is higher than antibodies conjugated with HRP. Notwithstanding, the process to obtain results is much shorter in fluorescent dot-blot. The classic method requires time-consuming processing of the scanned image of membranes after reaction, but the obtained results are more reproducible if the size of the scanned surface is sufficiently large to average local non-homogeneity. It should be mentioned that in colorimetric detection of HRP reaction products, less than 5% of the results were rejected (data not shown). This is consistent with earlier observations that the fluorescence technique is sensitive, but standardization is complicated and crucial for reproducibility (Salamunić 2010) .
The fluorescent dot-blot method was used to conduct an amino acid scan of H. pylori urease flap sequence fragment (BK-65B). All peptides were immobilized on cellulose membranes. The library contained 19 sub-libraries and in each sub-library, immobilized peptides were prepared on 19 membranes. On each membrane one amino acid residue at a defined position of the native BK65-B peptide was systematically replaced by each of the 19 proteinogenic amino acids. All 361 membranes with immobilized peptides, each differing from the others by one amino acid residue at one defined position, were prepared by a solid phase peptide I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  X synthesis procedure using 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium toluene-4-sulfonate (DMT/ NMM/TsO − ) as a coupling reagent (Kolesinska et al. 2015) . HPLC and MS analysis of 30 randomly selected peptides cleaved from the cellulose matrix confirmed high efficiency of DMT/NMM/TsO − , proposed as a new standard condensing reagent for preparation of peptide libraries according to the SPOT procedure (Fraczyk et.al. 2018) . In all cases no products with a deletion of amino acids were observed, and the purities of the isolated crude peptides were very high.
The successful preparation of the library of 361 H. pylori urease fragment BK-65B analogues enabled elucidation of the diverse responses of individual patients towards variation of the antigen structure. The reactions of one randomly selected RA patient serum and one randomly selected VBD serum with all members of the peptide library were substantially weaker than with the native BK-65B sequence. The most conservative fragment was L 4 D 5 K 6 S 7 I 8 K 9 (sublibraries 4-9). In most cases, any modification of these residues prevented interaction or gave weak interactions with both sera samples. This is very interesting because Proteus, Staphylococcus and C. ensiformis ureases have different amino acid residues within this fragment. The other conservative fragments were C 1 H 2 (sub-libraries 1-2), E 10 D 11 V 12 (sub-libraries 10-12) and A 15 (sub-library 15). 
Modifications of amino acid residues in these fragments resulted in weak or only moderate reaction with sera. (sub-library 3) and Q 13 (sub-library 13), the most substantial differences in reaction with VBD and RA patient sera were observed.
This analysis requires further study with a more representative number of sera samples.
In conclusion: by comparing the responses of the native BK-61B epitope sequence with responses of each library component with RAP patient and VBD sera it was anticipated that it would be possible to identify the tolerance of antibodies towards diverse amino acid composition in the epitope studied. The serological response is expected to be specific to and characteristic of the patient. This study has identified a pool of sequences promoting strong immunological reaction. Further analysis of the sequences necessary to generate a strong reaction with antibodies can provide rational data for prediction of molecular mimicry pathways for the particular patient. 
